Workplace stress is linked to disease trajectories that include psychiatric disorders (Marchand, Demers, & Durand, 2005b) and cardiovascular diseases (Kivimaki et al., 2012) to name a few. Three theoretical models have dominated the work stress-disease literature. First, the Job Demand-Control (JDC) model (Karasek, 1979) or job-strain model hypothesizes that decision latitude (skill utilization and decision authority) moderates psychological demands (workload, work pace, conflicting requests) that causes job strain when mismatched. Second, the expanded Demand-ControlSupport (JDCS) model (Karasek & Theorell, 1990) or iso-strain model postulates that low social support (coworkers and supervisor) in the workplace exacerbates the negative interaction between low decision latitude and high psychological demands. Third, the Effort-Reward Imbalance (ERI) model (Siegrist, 1996) posits that the discrepancy between workplace demands and rewards (job recognition, career perspectives, job security) generates strain, especially among overcommitted workers. While a growing body of literature has assessed how these subjective occupational factors are associated with objective physiological functioning, findings are inconsistent and generally restricted by low power and lack of generalizability. The present study examines how the JDC, JDCS, ERI models relate to variations in the stress hormone cortisol in a large sample of workers from diverse occupations.
Upon perceiving real or interpreted threats, the hypothalamicpituitary-adrenal (HPA) axis produces cortisol that mobilizes energy required to promote adaption to environmental demands (Sapolsky, 2002; Sapolsky, Romero, & Munck, 2000) . Chronic HPA-axis dysregulation leads to either up-regulation (hypercortisolism) or down-regulation (hypocortisolism) that contributes to allostatic load (McEwen & Stellar, 1993) . Over time, allostatic load leads to "wear and tear" of the brain and body. This pathogenic process ultimately increases vulnerability to numerous phys-ical and mental health problems (Juster, Bizik et al., 2011; Juster, McEwen, & Lupien, 2010) . In particular, dysregulated HPA-axis functioning (too high or too low) contributes to allostatic load as systemic imbalances occur in immune, metabolic, and cardiovascular functioning (Ganster & Rosen, 2013) .
Individual differences in day-to-day or diurnal cortisol profiles can be collected noninvasively to assess HPA-axis integrity via repeated saliva measures. A normal diurnal cortisol rhythm consists of an acute increase during the first hour after awakening (Federenko et al., 2004; Pruessner et al., 1997) referred to as the cortisol awakening response (CAR). This adaptive peak is followed by gradual decreases throughout the day, reaching the lowest levels before bedtime. While relatively stable, cortisol concentrations are higher on workdays than weekends (Devereux, Rydstedt, & Cropley, 2011; Maina, Palmas, & Filon, 2008; Marchand, Durand, & Lupien, 2013; Steptoe, Siegrist, Kirschbaum, & Marmot, 2004) . Morning cortisol and the CAR may represent an HPA-axis mechanism that is distinct from diurnal variation thereafter (Clow, Hucklebridge, Stalder, Evans, & Thorn, 2010) . For example, flattened diurnal cortisol patterns have been linked with increased evening levels that are distinctly related to workplace stress and fatigue (Dahlgren, Kecklund, & Akerstedt, 2005) .
Investigations of work stress models in relation to diurnal HPAaxis functioning are mixed and often sex-specific. For example, high job strain (JDC model) is associated with elevated morning cortisol (Alderling, Theorell, de la Torre, & Lundberg, 2006; Steptoe, Cropley, Griffith, & Kirschbaum, 2000) and amplified secretory patterns across the day (Kunz-Ebrecht, ; however, results are not always applicable to both sexes. By contrast, dampened morning or flattened diurnal cortisol concentrations extracted from either urine or saliva have been reported, as have nonsignificant effects (Dahlgren et al., 2005; Fujiwara et al., 2004; Liao, Brunner, & Kumari, 2013; Steptoe et al., 1998; Wright, 2008) . To date, it is not clear which JDC factors are most related to diurnal cortisol.
Although less studied than the JDC model, studies assessing iso-strain (JDCS model) are also inconsistent. For example, some studies demonstrate that less social support at work is related to elevated CAR (Harris, Ursin, Murison, & Eriksen, 2007; Wright, 2008) and evening cortisol secretion (Rydstedt, Cropley, Devereux, & Michalianou, 2008) , while others report no associations with morning cortisol (Rydstedt et al., 2008) . In addition, health behaviors appear to interact in sex-specific directions: men but not women with low social support consume more alcohol as work hours increase (Steptoe et al., 1998) . Social support also appears to be related to psychiatric symptoms differently among men and women at different ages (Juster, Moskowitz, Lavoie, & D'Antono, 2013) . These findings highlight the need to control for various confounders like health behaviors and age in JDCS studies, something that has not be adequately performed in the past.
Finally for the ERI model, studies have generally reported hypocortisolemic patterns in relation to imbalanced efforts to rewards and/or overcommitment. Despite negative findings (Harris et al., 2007) , high ERI was been associated with a blunted CAR ) and flattened diurnal rhythm (Liao et al., 2013; . In addition to naturalistic diurnal variation, a research program by Bellingrath and colleagues has revealed increased negative HPA-axis feedback upon dexamethasone suppression among teachers reporting high ERI and overcommitment (Bellingrath, Weigl, & Kudielka, 2008) , while overcommitment was related to hypofunctional HPA-axis reactivity in a separate stress induction study . By contrast in the Whitehall II cohort, overcommitment in men was associated with an exaggerated CAR and heightened daily average among men but not women, suggesting a hypercortisolemic pattern inconsistent with other ERI studies. ERI factors and overcommitment were also associated with increased diurnal cortisol among both women and men (Eller, Netterstrøm, & Hansen, 2006) . Taken together, this mixed literature shows both hypo-and hypercortisolemic profiles when studying the ERI model that we argue is potentially influenced by numerous confounders.
In this mixed literature, it is possible that one's sex moderates the relation between work stress and HPA-axis variations given that men and women cope differently to work stress (Juster et al., 2013) . In Canada and other industrial nations, unequal sex distribution of occupations and differential exposure to diverse life stressors inside and outside the work environment appear to be particularly pronounced for women (Marchand, Demers, & Durand, 2005a; Marchand et al., 2005b; Marchand, Drapeau, & Beaulieu-Prevost, 2012; Seedat et al., 2009 ). In the context of work stress models, a meta-analytic review concluded that JDCS factors predict several mental health outcomes that are indeed influenced by elusive sex differences (Stansfeld & Candy, 2006) . Moreover, evidence suggests that cortisol concentrations are elevated in women with high job strain (Alderling et al., 2006; Kunz-Ebrecht et al., 2004; ) and men with high ERI and overcommitment (Eller et al., 2006; . Critically, studies are often restricted to one sex, which ultimately limits the generalizability of the existing literature.
Overall, results linking the JDC, JDCS, and ERI models to cortisol profiles are currently too inconsistent to draw any definitive conclusions. In accordance, two reviews stated that HPA-axis profiles are only weakly or inconclusively associated to work stress (Chandola, Heraclides, & Kumari, 2010; Chida & Steptoe, 2009 ). This may seem quite surprising given the evidence that distressed workers experience more health problems. When assessing this body of literature, it is important to underline that previous studies linking these popular work stress models to abnormal HPA-axis functioning have generally been characterized by small sample sizes, incomplete information on work stress, nonadherence to cortisol sampling protocol, lack of consistency in modeling cortisol parameters and confounding adjustments. Previous studies have also generally been conducted on specific occupational groups (e.g., nurses, teachers, managers) within specific companies or during specific life stages (e.g., preretired or retired workers) that ultimately limit generalizability and applications aimed at promoting positive occupational health psychology.
Research Goals and Hypotheses
The current study aims to rectify limitations with the existing literature by assessing the associations between the JDC, JDCS, and ERI models in relation to diurnal cortisol profiles using a representative sample of day-shift workers of both sexes randomly selected from diverse Canadian workplaces and industries. Our analyses focused on specific subscales as well as interaction terms This document is copyrighted by the American Psychological Association or one of its allied publishers.
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(e.g., JDC decision latitude by psychological demands) that have strong theoretical deliberation but otherwise scant empirical substantiation. Furthermore, as men and women are differentially exposed to stressful work conditions (Messing, Tissot, SaurelCubizolles, Kaminski, & Bourgine, 1998) , we further assessed the moderating effect of sex on work stress models while controlling for an array of key cortisol confounders. Despite the mixed findings in this literature with regards to cortisol directionality, we nevertheless had three hypotheses based on theory. First, we expected interactions involved in the JDC, JDCS, and ERI models to be intermittingly associated with either hypocortisolemic or hypercortisolemic profiles depending on the diurnal time-point, because both are considered pathogenic and might represent distinct phenomena (Fries, Hesse, Hellhammer, & Hellhammer, 2005; Miller, Chen, & Zhou, 2007) . We did not have a priori assumptions on the directionality of different models given the mixed empirical literature. Moreover, it is important to state that the idea of interaction (e.g., High psychological demands ϫ Low decision latitude ϫ Low social-support) have received very limited support, rendering our hypothesis largely exploratory. Second, we hypothesized that significant associations would be found for specific work stress model subscales (e.g., decision latitude, psychological demands, overcommitment) exclusively in the absence of theoretically based interaction effects (e.g., high psychological demands/low decision latitude for JDC) that have been matched with little evidence (de Lange, Taris, Kompier, Houtman, & Bongers, 2003) . Third, we expected that sex would act as a moderator of JDC, JDCS, and/or ERI subscales in an unfavorable fashion for women who are often deemed more vulnerable than men to psychosocial stress (Stroud, Salovey, & Epel, 2002) .
Method Participants
The SALVEO study collected data throughout 2009 -2012 using a total sample comprising 34 Canadian workplaces randomly selected from a list of over 500 companies covered by a large insurance company (Marchand, Durand, Haines, & Harvey, 2015; . For each workplace, a random sample of employees was first selected to answer a questionnaire that included 300 questions pertaining to the individual, work conditions, occupation, family, and community characteristics. The original sample was composed of 1,301 workers with an average response rate of 66.7% (range 55.3% to 95.5%).
From among these respondents, the study goal was to recruit a sample of 10 to 15 workers per workplace to participate in the second biomarker collection phase of the research project in which saliva samples were collected for the assessment of cortisol concentrations. This multistage approach has been successfully applied by our group in previous reports Marchand et al., 2013; .
In so doing, a random subsample of 1,043 workers was reinvited in the current biomarker substudy. In total, 401 workers agreed to participate (11.8 workers per workplace on average), representing a response rate of 38.4%. Response rates between women (40.8%) and men (36.1%) did not differ statistically ( 2 ϭ 2.50, df ϭ 1, p ϭ .114). Women represented 56.1% of workers and the mean age of the entire sample was 41.3 years (SD ϭ 10.81, range: 19 -69). Participants were employed as managers (9.7%), supervisors (6.0%), professionals (19.0%), semiprofessionals/technicians (16.5%), office workers (35.2%), skilled laborers (4.0%), and unskilled/manual workers (9.5%).
The study protocol for the first and second phase of this research project was approved by the Ethics Committees of the University of Montreal, McGill University, Laval University, Bishop's University, and Concordia University. Upon commencing the study, all participants signed an informed consent form and were given detailed instructions concerning study requirements.
Salivary Cortisol
Consenting workers were instructed to provide five saliva samples per day at the following occasions: (a) awakening, (b) ϩ30 min after awakening, (c) 1400h, (d) 1600h, and (e) bedtime. Previous studies have validated that these sampling times are reliable markers of diurnal cortisol patterns (Juster, Sindi, et al., 2011; Lupien et al., 1998) . Sampling was repeated for 2 working days (Tuesday and Thursday for the majority of workers) over the course of 1 week. Thirty min before providing saliva samples, participants were instructed to not eat a major meal, smoke cigarettes, drink caffeinated beverages (e.g., tea, coffee, soft drinks), drink fruit juices, consume dairy products (e.g., yogurt, milk, cheese), and additionally asked to rinse their mouths with water to eliminate any lodged food deposits. They were further instructed to not brush their teeth, floss, or engage in strenuous physical activity 2 hr prior to sampling. Compliance was assessed using a logbook in which participants documented their collection times for each saliva sample.
Saliva was collected using Salivettes (Sarstedt, Ville St-Laurent) using the pure-spit method, whereby a straw guides a small quantity of saliva into a tube. Participants stored saliva samples in their home freezer until a research assistant retrieved the participants' samples at their workplace 1 week later. Samples were frozen at Ϫ20°C in a portable freezer and then stored in an industrial Ϫ20°C freezer until final cortisol determinations.
Salivary cortisol concentrations were analyzed at the Centre for Studies on Human Stress (http://www.humanstress.ca) with a high sensitivity enzyme immune assay kit (Salimetrics ® State College, PA). Frozen samples were brought to room temperature to be centrifuged at 15,000 g (3,000 rpm) for 15 min. The total binding and nonspecific binding cortisol proportions typically range between 47-63% and 0.5-1.5%, respectively. The intraassay and interassay coefficient of variation for these studies were 4.6% and 5%, respectively. The range of detection for this assay is between 0.012-3 dl and each sample was assayed in duplicates and then averaged.
Compliance to the salivary collection protocol was evaluated using the logbook entries and assessing minutes deviation from scheduled times as previously reported . Specifically, analyses ascertained adherence to saliva collection scheduling using a liberal criterion set within a 30-min deviation. Note that this cannot be done for the first awakening and the last bedtime samples. The proportion of compliant participants, that is, those who respected saliva scheduling within 30 min or less, are as follows: ϩ30 min after awakening (98.5%), 1400h (72.6%), and 1600h (64.8%). Total adherence was calculated as complete conformity to all three This document is copyrighted by the American Psychological Association or one of its allied publishers.
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sampling time points, which was the case for 60.9% of participants. To summarize, using total adherence did not meaningfully alter the statistical magnitude of diurnal cortisol variation. Raw values were smoothened using the logarithmic transformation. Additional analysis employed time-dependent calculations based on the area under the curve with respect to increase (AUCi) and with respect to ground (AUCg) formulas derived from the trapezoid formula (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) . The AUCi represents presumed rises in biomarker levels, while the AUCg represents total systemic output throughout an allotted time period that was personalized to the individual's diurnal rhythm based on logbooks.
Work Stress Models JDC-JDCS. Decision latitude, psychological demands, and social support (colleagues and supervisor) were derived from the Job Content Questionnaire (Karasek et al., 1985) . Responses were based on a 4-point Likert scale (strongly disagree to strongly agree). Decision latitude was comprised of subscales for skill utilization (six items; e.g., my job requires that I learn new things, ␣ ϭ .80) and decision authority (three items; e.g., my job allows me to make a lot of decisions on my own, ␣ ϭ .79). Psychological demands were measured using nine items (e.g., my job requires working very fast, ␣ ϭ .73). Social-support was measures with eight items (e.g., the people I work with are helpful in getting the job done, my supervisor is helpful in getting the job done, ␣ ϭ .85).
ERI. Efforts and rewards were measured using the EffortReward Imbalance questionnaire (Siegrist & Peter, 1996) . Efforts consisted of five items (e.g., I have constant time pressure due to a heavy work load, ␣ ϭ .78). Rewards were comprised of subscales for job recognition (six items; e.g., I receive the respect I deserve from my superiors, ␣ ϭ .82), career perspectives (four items; e.g., my job promotion prospects are poor, reverse coding, ␣ ϭ .69) and job security (two items; e.g., I have experienced or I expect to experience an undesirable change in my work situation, ␣ ϭ .65). ERI was then calculated using the formula effort/ reward ‫ء‬ 0.5. We also computed an alternative to ERI that takes into account the increased effect of ERI associated with overcommitment (ERIO). Overcommitement was measured with five items from the ERI questionnaire (e.g., as soon as I get up in the morning I start thinking about work problems, ␣ ϭ .82). ERIO was measured using ERI multiplied by overcommitement.
Covariates
Based on previous reports of workplace stress and the HPA-axis (Chida & Hamer, 2008) , our statistical analyses were adjusted for the following covariates that can confound diurnal cortisol concentrations: self-reported time of awakening, sex, age, season of sampling, cigarette smoking, alcohol consumption, regular physical activity, psychotropic medications, physical health problems, and body mass index.
Self-reported time of awakening was ascertained using logbooks completed throughout the saliva collection protocol. Sex was coded as binary (0 ϭ Men, 1 ϭ Women) and age was measured in continuous years. Season of sampling was coded into four categories (1 ϭ Spring, 2 ϭ Summer, 3 ϭ Fall, 4 ϭ Winter). Smoking was recorded continuously as the number of cigarettes smoked per day. For alcohol, respondents indicated the number of drinks they had on each of the 7 days during the week preceding the questionnaire administration. Alcohol intake was measured by summing the number of drinks consumed daily (standard Canadian drink of 13.6 g of alcohol equivalents for beer, wine, and spirits) over the preceding week.
Physical activity over the last 3 months was measured as the frequency of physical activities performed for more than 20 min. Respondents indicated this frequency on a 7-point Likert-type scale (1 ϭ Never, 7 ϭ Four times and more a week). Prescribed psychotropic medication use over the last month was dichotomously coded (0 ϭ Nonuser and 1 ϭ User) for at least one the following: tranquilizers, antidepressants, codeine-demerol-morphine, and sleeping pills. Health problems status was tallied as the number of health problems lasting 6 months and more and diagnosed by a physician using a list of 29 items (e.g., heart disease, cancer, asthma). Body mass index (BMI) was computed as weight (kg) divided by height squared (m) 2 .
Statistical Analysis
Comparison of respondents (n ϭ 401) and nonrespondents (n ϭ 642) transitioning from Phase 1 to the biomarker Phase 2 of this study was first carried out to evaluate possible biases. Respondents had a higher level of skill utilization (p Ͻ .01), had fewer drinks (p Ͻ .01), smoked less (p Ͻ .01), and had a lower BMI (p Ͻ .01) than nonrespondents.
In assessing missing data for questionnaires and our grand total of 4,010 saliva samples, 3,778 samples were analyzable in conjunction to complete information for JDC, JDCS, ERI and ERIO subscales. The final sample of workers remaining was therefore N ϭ 396. We next applied multilevel regression models (Goldstein, 1995; Snijders & Bosker, 1999) to analyze cortisol concentrations in the following levels: (Level 1) cortisol measurements at each occasion within a day, (Level 2) workers, and finally (Level 3) workplaces. In this manner, variations within a day were embedded within each unit of the second level, followed by variations between participants that were then embedded within each unit of the third level, and finally the variation between workplaces. This approach allows the full range of data to be taken into account when estimating cortisol variations across each level of the hierarchical data structure that furthermore incorporates individual and contextual variability within each sequential level of analysis.
Multilevel regression models adjusted for self reported-time of awakening, four dummy coded variables measuring cortisol concentration at occasion-2 (ϩ30 min after awakening), at occasion-3 (14h00), at occasion-4 (16h00), and at occasion-5 (bedtime). In addition, one dummy coded variables indexing cortisol concentrations for workday-1 compared to the workday-2 was computed. As described previously, statistical analyses further controlled for sex, age, season of sampling, smoking, alcohol, physical activities, psychotropic drug use, physical health problems, and BMI.
The model parameters were estimated by the restricted iterative generalized least-squares method (RIGLS) using MLwiN Statistical Software version 3.0. To reduce the asymmetrical distribution and to improve the convergence of the estimation algorithm, cortisol concentrations in g/dl were multiplied by 100 and logtransformed (natural logarithm). The main effect model was first estimated, followed by a series of interaction tests involved in work stress models [JDC ϭ (latitude ‫ء‬ demands); JDCS ϭ ((latiThis document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. The significance of individual regression coefficients was evaluated using a bilateral Z test, and the probability of rejection of the null hypothesis was strictly set at p Ͻ .05. The random coefficients (sampling occasions, workers, and workplaces residual variance) were tested with a halved p value (Snijders & Bosker, 1999) . The joint contribution of the variables was assessed by means of a likelihood ratio test that followed a 2 distribution with the degrees of freedom equal to the number of additional parameters in the model. Interactions were tested using 2 with rejection of the null hypothesis set strictly at p Ͻ .05. Table 1 reports raw cortisol concentrations and the characteristics of the study sample. Compared to men, women showed higher cortisol concentrations on Workday 2 as well as higher job recognition, psychotropic medication use, and health conditions. By contrast, women had lower decision latitude, skill utilization, career perspectives, number of alcoholic drinks per week and lower BMI than men. Table 2 presents the correlation matrix of the study's variables. Table 3 presents the results of multilevel regression modeling cortisol concentrations for the main effects of JDC, JDCS, ERI, and ERIO components. For all models, main effects did not attain statistical significance.
Results

Multilevel Analysis of Work Stress Models
The next series of analysis tested the first hypothesis that examined component interactions of work stress models. In models that included the main effects of work stress model components, time of awakening, workday-2, sampling occasions, and covariates, results were not statistically significant for JDC ( 2 ϭ 0.20, df ϭ 1, p ϭ .652), JDCS ( 2 ϭ 1.62, df ϭ 3, p ϭ .654), and ERIO ( 2 ϭ 0.01, df ϭ 1, p ϭ .993). Further analyses revealed no significant interactions between work stress model component interactions and cortisol sampling occasions. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Table 2 Correlation Matrix (Decimal Point Omitted) 
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Multilevel Analysis of Work Stress Model Components and Subscales
The next series of analyses tested the second hypothesis that examined the contribution of components and subscales of each work stress model. None of components or subscales reached statistical significance for main effects. We did, however, detect significant interactions with cortisol sampling occasions for psychological demands ( 2 ϭ 15.44, df ϭ 5, p ϭ .009), job recognition ( 2 ϭ 11.26, df ϭ 5, p ϭ .046), and overcommitment ( 2 ϭ 15.21, df ϭ 5, p ϭ .009). Results are presented in Table 4 .
To summarize, increased psychological demands were associated with decreased cortisol concentrations at bedtime. By contrast, increased job recognition was associated with increased cortisol concentrations 30 min after awakening and at bedtime. Finally, increased overcommitment was related to increased cortisol concentrations at awakening, but also decreased cortisol secretions at 1400h, 1600h, and bedtime.
Sex Interactions
The final series of analyses tested the third hypothesis that examined sex interactions with work stress models as well as with their respective components and subscales. Results revealed significant sex interactions for psychological demands ( 2 ϭ 11.27, df ϭ 5, p ϭ .046), total social support ( 2 ϭ 12.59, df ϭ 5, p ϭ .028), and support from supervisors ( 2 ϭ 12.31, df ϭ 5, p ϭ .031).
To summarize, psychological demands were associated with lower cortisol values at bedtime in men (␥ ϭ Ϫ0.043, SE ϭ 0.012, p ϭ .001); however, the coefficient difference between men and women was not significant. Total social support was associated Note. N 1 ϭ 3,778 cortisol samples (Level 1); N 2 ϭ 396 workers (Level 2); N 3 ϭ 34 workplaces (Level 3).
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with higher cortisol concentrations at 1600h in men (␥ ϭ 0.028, SE ϭ 0.012, p ϭ 020), but the specific coefficients difference between men and women was also not significant. Finally, the regression coefficients for social-support received from supervisors were significantly different between men (␥ ϭ 0.031, SE ϭ 0.019, p ϭ .103) and women (␥ ϭ Ϫ0.021, SE ϭ 0.016, p ϭ .171); however, this effect was, overall nonsignificant in both groups.
To ascertain effect magnitude, we computed R 2 measures according to Snijders and Bosker (1999) equations. This was done to evaluate specific effect sizes of psychological demands, recognition and overcommitment on cortisol concentrations among workers. The obtained R 2 range 0.001-0.002 suggests a weak contribution to overall cortisol variations between workers.
Discussion
This study assessed three of the most popular work stress models related to job strain (JCD model), social support (JCDS This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 8 model), and effort-reward (ERI model) and their respective associations to diurnal cortisol profiles among a large sample of day-shift workers from 34 Canadian companies. In summary and consistent with existing literature, we found mixed support for associations indicative of up and/or down regulation of the HPA axis that depend on the work-stress construct and the diurnal cortisol time point while adjusting for numerous confounders.
Given that HPA-axis dysregulation contributes to allostatic load and disease trajectories (Ganster & Rosen, 2013) , our findings carry important implications for occupational health psychology by identifying specific subscales of work-stress models related to diurnal cortisol variation. Taken together, however, we can only conclude that associations are weak at best and will require further investigation using refined (re)conceptualizations of theory.
First for the JDC model, we observed no specific effects for cortisol concentrations at awakening, 30 min after awakening, and afternoon cortisol concentrations, which is inconsistent with previous findings (Alderling et al., 2006; Kunz-Ebrecht et al., 2004; Steptoe et al., 2000) . We were also unable to detect differences in cortisol concentrations at bedtime (Dahlgren et al., 2005; Fujiwara et al., 2004; Steptoe et al., 1998; Wright, 2008) . Moreover, job strain did not interact with sex, again inconsistent with previous studies (Alderling et al., 2006; Kunz-Ebrecht et al., 2004; ). The JDC model postulates that work stress occurs when psychological demands exceed one's decision latitude. And yet, the results obtained suggest that it is only psychological demands that explain, albeit modestly, bedtime cortisol concentrations.
Our results are thus inconsistent with the JDC model stating that decision latitude moderates the effect of psychological demands. This theoretical nuance could largely explain why so many studies do not find significant associations using the job-strain interaction term (Liao et al., 2013) . In our study, psychological demands appear to be much more strongly related to cortisol profiles and the interaction term did not approach significance. Note that while psychological demands were statistically significant among men only, the effect magnitude of psychological demands on bedtime cortisol is not different between men and women. As hypothesized, this lack of significance is consistent with a review showing only modest effects when assessing interaction terms for JDC workplace stress factors (de Lange et al., 2003) .
Second for the JDCS, no main effects of social support were found in association with cortisol profiles and sex did not emerge as a moderator. These findings are not consistent with a previous study evaluating morning cortisol (Rydstedt et al., 2008) , nor do they support previous reports regarding the CAR (Wright, 2008) or evening cortisol levels (Rydstedt et al., 2008) . Iso-strain characterizes work situations where psychological demands exceed one's decision latitude specifically when coupled with low social support. Here, it appears that social support may influence diurnal cortisol profiles of men more so than women. Our results also suggest that psychological demands and social support are the principal components of the JDCS in relation to bedtime HPA-axis functioning among men, while decision latitude was again not significant. Future research will need to identify that functional significance of this association as it relates to nonwork factors that were unfortunately not part of this study.
Third for the ERI model, we found no associations for cortisol concentrations and sex did not function as a moderator as previously shown (Eller et al., 2006; Steptoe et al., 2004) . These negative findings are in line with previous studies (Harris et al., 2007; Steptoe et al., 2004) , but otherwise inconsistent with others showing significant associations between ERI and cortisol (Alderling et al., 2006; Kunz-Ebrecht et al., 2004; Liao et al., 2013; . Importantly, we found that increased overcommitment was associated with increased cortisol at awakening and decreased cortisol concentrations at 1400h, 1600h, and bedtime. This finding is not consistent with previous work linking ERI to hypocortisolemic profiles . While similar when PM values are reversed, our findings are consistent with those showing positive associations between ERI and the CAR (Eller et al., 2006; Steptoe et al., 2004) .
Overall, our results collectively suggest that work-stress models and their associated interactive constructs are not significantly related to diurnal cortisol profiles. These results are consistent with studies that have reported nonsignificant JDC and JDCS interaction effects on mental health (Bonde, 2008; Marchand & Durand, 2011b; Stansfeld & Candy, 2006) . It is possible that interaction effects were not detected in relation to diurnal cortisol because associations are nonlinear. This is further complicated by the fact that cortisol profiles can be deleterious when hyper-or hypofunctional, therefore rendering the directionality of findings more difficult to interpret. This is of critical importance for future research that must endeavor to triangulate biometric, psychometric, and sociometric information in order to arrive at a convergence of evidence that can explain the functional significance of HPA-axis profiles.
In contrast to the lack of interactive associations, certain subscales/items were related to cortisol profiles that continuously shift throughout the day. Yet, the effect sizes of these associations are overall weak. This conclusion is consistent with two recent reviews (Chandola et al., 2010; Chida & Steptoe, 2009 ). Despite these negative findings, our study addresses two key issues in the literature regarding: (a) the specific components of the JDC, JDCS, ERI, and ERIO models that appear to be more important than others in relation to HPA-axis functioning and (b) providing further evidence that the interaction hypothesis assumed in all of these work stress models does not hold empirically. Taken together, our study strongly suggests that work stress theoretical frameworks need to be revised so that precise psychometrics can be maximally fine-tuned to detect specific biological signatures.
Limitations
This study has three main limitations related to (a) research design, (b) recruitment strategy, (c) psychological states, and (d) reliable biometrics.
First, the survey design was cross-sectional and cannot therefore infer the causative directionality of psychological and biological associations. This is of particular importance in the context of hyper-versus hypofunctioning of the HPA axis that might switch over time in response to major stressors. Moreover, other sources of stress such as at home and family life can "spill over" and This document is copyrighted by the American Psychological Association or one of its allied publishers.
9 further exacerbate distress (Fox, Dwyer, & Ganster, 1993; Marchand & Blanc, 2010; Marchand et al., 2012 Marchand et al., , 2015 that could be addressed in future research. Second, the enrolment of volunteers in this study may have caused a selection bias. In particular for those transitioning into the biomarker substudy, attrition analyses revealed that those that remained smoked less, and had a lower BMI than participants lost to attrition. Despite the random sampling of Canadian companies that is a major strength of this study, our results may not generalize to working conditions of diverse workers in other nations.
Third, negative affectivity was not controlled for in this analysis. To address this potential confounder, all analyses were rerun adding the neuroticism personality trait, one of the five traits from the Big-Five model that was measured with the Mini-IPIP (Donnellan, Oswald, Baird, & Lucas, 2006) . The results did not change nor was neuroticism significant, indicating that our findings are independent of neurotic personality traits that can drive negative affectivity. Moreover, it would be advised to incorporate additional health behaviors that influence diurnal cortisol levels, such as sleep quality (Rydstedt & Devereux, 2013) .
Fourth, even though participants completed logbooks of saliva collection times, it would have been preferable to monitor compliance using electronic monitoring technologies (Kudielka, Broderick, & Kirschbaum, 2003) . Variations due to lack of compliance engender measurement error that are difficult to evaluate; however, these errors are common in field studies even when strict protocols are maintained and were shown to be insignificant in this sample when minutes deviation was scrutinized. In addition, the issue of temporality is important to highlight in relation to the time-frame of questions (e.g., "in the last month") as well as covariates that again can be rectified in the future using prospective study designs.
To assess HPA-axis temporality further, future research might consider assessing cortisol from hair samples to study the relation among work stress and cortisol excretion exert in the long-term (Stalder & Kirschbaum, 2012) . Hair samples retroactively represent long-term cortisol excretion and not short-term concentrations as assessed from saliva samples (van Holland, Frings-Dresen, & Sluiter, 2011) . A recent study has validated that increased ERI is associated with increased hair cortisol among Chinese female school teachers (Qi et al., 2014) . In addition to the popular workstress models used in our study, the contributions of the demandsresources model (Demerouti, Bakker, Nachreiner, & Schaufeli, 2001 ) might be considered in future research as it has been linked to job burnout and therefore might be related to variations in cortisol profiles.
Conclusions
Workplace "stress" is so often viewed as a "black box" that obscures our understanding of elusive disease mechanisms (Marchand & Durand, 2011a) . In attempting to crack this enigma, the current study endeavored to pinpoint specific components of the JCD, JCDS, and ERI models in relation to diurnal cortisol variation that were modest but robust. Single components of these popular work stress models appear more important than interactions between components as proposed by theory and psychometric instruments; however, their effect sizes were overall weak. Despite their limited contribution, psychological demands, job recognition, overcommitment, and to some extent social support at work appear to carry some significance in explaining HPA-axis functioning that will need to be replicated in further studies. Because hyper-and/or hypocortisolism both contribute to disease processes, it will be essential that future research identify which work stress constructs are maximally predictive of impending problems over time.
